Summary.-Urine of normal rats, pregnant animals and animals bearing chemically induced hepatoma was tested with antisera to foetoproteins by the double immunodiffusion technique. Antigens were not detected in the urine of normal rats. Alpha-foetoprotein was demonstrated in the urine of pregnant rats and hepatomabearing animals.
). The present communication describes the detection of AFP in the urine of pregnant rats and hepatoma-bearing animals.
MATERIAL AND METHODS
Animals.-Albino rats of the Hebrew University (Sabra) strain and randomly bred local rabbits, weighing 2-3 kg, were used.
Antigenic preparations.-Rats were sacrificed on the 19th or 20th day of gestation. The embryos were removed and the amniotic fluid aspirated; the embryos were decapitated and their blood collected. The amniotic fluid and embryonic blood were dialysed against several changes of distilled water and lyophilized. The lyophilizates were stored at -200C.
Production and testing of antisera.-Four rabbits were immunized with amniotic fluid or embryonic blood. The first 3 injections, consisting of either 50 mg of amniotic fluid or 100 mg of embryonic blood emulsified in Freund's complete adjuvant (Difco, Illinois), were given at weekly intervals at multiple sites on the back. Two further injections.
without adjuvant, were administered during the fifth and sixth week. Blood was drawn by cardiac puncture 10 days after the last injection. Twenty ml of serum were absorbed with 500 mg of lyophilized blood of adult male rats and 500 mg of an organ pool comprising heart, lung, liver, spleen and kidney. The absorption was carried out for 2 hours at room temperature and overnight in the cold. Following centrifugation, the supernates were tested by Ouchterlony's double immunodiffusion technique in agarose gel against adult blood and the 5 organs; 10 mg of lyophilized blood and 10 mg of the lyophilizates of whole organ homogenates were resuspended in 1 ml of buffered physiological saline, pH 7-2 (PBS), and disintegrated by sonic oscillation in an ultra-Turrax apparatus for 6 min in the cold at 170 V, 75 W and 0-7 A. The absorption procedure was repeated until no precipitation lines developed when the antisera were reacted with adult blood and the organs.
The absorbed antisera were tested by double immunodiffusion with the amniotic fluid and embryonic blood at a concentration of 10 mng of lyophilizate per ml of PBS. The plates were observed for 3 days, washed in saline, stained with amido black and rechecked. Experimental design Group I.-Eight adult virgin rats weighing about 150 g and 12 male animals weighing 200-250 g served as controls.
Group II.-This group consisted of 12 pregnant rats whose urine was collected between the 16th and 20th day of gestation.
Group III.-Twenty-six female rats weighing 80 g at the beginning of the experiment were fed Miller's diet to which was added 0.06% of 3'methyl 4-dimethylamino azobenzene (3'mDAB), as described for the induction of hepatoma (Grabar et al., 1966) .
Group IV.-Eight female rats weighing 80 g at the beginning of the experiment were fed Miller's diet without 3'mDAB, and served as controls for the animals of Group III.
Collection and testing of urine and serum. Urine samples from rats of Group I and II were collected on 2 consecutive days. Urine samples from animals of Groups III and IV were collected once every 4 weeks as of the fourth month of the experiment. The rats were placed in metabolism cages over faeces-urine separaters and 24-hour urine collections from individual animals were pooled. Food was withheld but the animals had free access to water. Unconcentrated urine specimens were tested with the specific antisera to amniotic fluid and embryonic blood by the double immunodiffusion technique. Twelve to 25 ml of urine from individual rats were dialysed against distilled water and lyophilized. Ten to 20 mg of the lyophilizates were suspended in 1 ml of PBS and reacted against the antisera. These suspensions were, furthermore, diluted twofold with PBS and reacted with the antisera. Blood was drawn from the tail vein on the day of urine collection and the serum was separated and tested with the 2 antisera.
Morphological examination.-The animals of Group III and IV were killed at the termination of the experiment (vide infra) and complete autopsies were performed. The livers were weighed and the number and size of tumour nodules were recorded. Special attention was paid to the presence of metastases in other organs. Samples of hepatic nodules and suspicious areas of other organs were fixed in formalin aud embedded in paraffin. Sections were cut at 6 ,um and stained with haematoxylin and eosin.
RESULTS
The antisera to amniotic fluid (AAF) and embryonic blood (AEB) were specific inasmuch as they did not contain precipitating antibodies reacting with adult blood and the 5 organs ( Fig. 1 and 2 ). The AAF gave one precipitating line with the homologous preparation ( Fig. la) corresponding to the alpha-foetoprotein (LA antigen, Grabar et al., 1966) . A reaction of identity was observed between this line and the band forming with embryonic blood (Fig. 3) . The AEB elicited the formation of 2 precipitin bands with its homologous antigen ( Fig. 2a and  4a ) and one line with amniotic fluid. The one additional band developing with AEB corresponds to alpha-M-foetoprotein (alpha-2-glycoprotein, Grabar et al., 1966) .
The results of the serological examinations of the serum and urine of the control and experimental rats are summarized in Table I .
The sera and unconcentrated, as well as concentrated, urine specimens of all control rats (Group I and IV) were negative when tested with the 2 antisera.
The unconcentrated urine of pregnant rats (Group II) did not react with either AAF or AEB. One precipitin line, corresponding to the AFP, developed when the concentrated urine specimens were tested with AEB and AAF ( Fig. 4c and  5c ). The sera of these animals gave one and 2 precipitation bands with AAF and AEB respectively.
Both foetoproteins were detected in the serum of 25 rats 6-11 months after starting the carcinogenic diet (Group III), one and 2 bands developing with AAF and AEB respectively (Table II) . Liver nodules were palpated in 14 animals at the time the positive test was obtained. The unconcentrated urine did not react with either antiserum. On the other hand, the urine concentrate of 14 rats gave a single precipitation line with AEB and AAF, corresponding to the AFP (Fig. 4d and  5d , Table II ). The diluted urine lyophilizates up to a concentration of 5 mg of total non-dialysable material per ml of PBS gave positive reactions. The rats were killed following detection of the AFP in the urine or during the 7th to 10th month after 2 negative urine examinations (Table II) . Gross inspection of the livers revealed tumour nodules in all rats, varying in size and number from one animal to another; the weights of the livers ranged from 11 to 12 g (normal) to 43 g (Table II) (1966) , AEB gave two precipitin bands with embryonic blood and one band with amniotic fluid, whereas AAF reacted with both preparations to give a single band, which corresponds to the alpha-foetoprotein (LA antigen).
Since the excretory product of the foetal kidneys constitutes a certain portion of the amniotic fluid (Pitkin et al., 1968; Vernier and Smith, 1968) , it appears that the foetal kidney allows passage of the AFP but not of the alpha-M-foetoprotein.
Serum from pregnant rats and animals with hepatoma contains both foetoproteins, whereas in the urine the AFP only is detected. Thus, the adult kidney, just as the foetal organ, exclusively excretes the AFP. It is of note that the latter has been visualized by immonofluorescence microscopy in the intertubular mesenchyme of the medulla of the human Seppala, 1968) . It is feasible that the presence of this protein in the medullary connective tissue reflects a stage in its passage through the kidney into the urine. On the other hand, the possibility should also be considered that the interstitial localization of AFP represents tubular absorption. Ruoslahti and Seppala (1971) have recently demonstrated minute amounts of AFP in the serum of healthy human adults; under normal conditions all of this protein appearing in the glomerular filtrate would be reabsorbed by the tubular apparatus. It might be speculated that under conditions of AFP excess there may be spilling over into the urine.
Sera from hepatoma-bearing rats and mice contain both foetoproteins (Abelev et al., 1963; Stanislawski-Birencwajg et al., 1967) . In the present experiments, alpha-M-foetoprotein was found in the serum of a rat which was fed the carcinogenic diet for 6-l months, at a time when no abdominal masses were palpable. The AFP was detected neither in the blood nor urine. Autopsy of this animal revealed a few tiny nodules of well differentiated hepatocellular carcinoma. On the other hand, palpable nodules in the right subcostal region of 14 rats were associated with the presence of the 2 foetoproteins in the blood and the AFP in the urine. Furthermore, it became evident at the time of sacrifice that in all but one animal the urinary excretion of AFP was associated with large tumourous nodules or extensive neoplastic involvement of the liver (Table II) . It should, however, be noted that the urine was negative in 5 rats with massive involvement of the liver. We are not aware of other communications on the urinary excretion of AFP in hepatoma-bearing or pregnant rats. Smith and his associates (1971a, b) could not demonstrate AFP in the urine of patients with hepatomata or in the urine of pregnant women. However, Masseyeff (1972) mentions unpublished observations on the presence of A FP in the urine of patients with primary liver carcinoma. The carcinoembryonic antigens described by Gold and Freedman (1965) (Kithier et al., 1972) . In addition, the carcinoembryonic antigen is also excreted in the urine of patients suffering from urothelial carcinoma (Hall et al., 1972) . Since CEA has been found in the urine of normal subjects (Hall et al., 1972) , false positive tests might be encountered. This is apparently related to the common endodermal origin of the urinary bladder and gastrointestinal tract. Insofar as the urinary excretion of AFP is concerned, it should be noted that although in the human foetus AFP is known to be synthesized in the liver and yolk sac only , this foetal protein was detected in the serum of patients with gastrointestinal malignancies (Masopust et al., 1968; Smith and O'Neill, 1971b) .
Urinary excretion of tissue antigens under normal and pathological conditions is well established (Antoine and Neveu, 1968; Antoine et al., 1969; Greene, Halbert and Pallavicini, 1971; Halbert, Green and Pallavicini, 1969) and has been the subject of a recent review (Boss et al., 1973) . Tissue proteins emanating from the urogenital tract are directly excreted into the urine (Grant, 1959; Durst et al., 1969) , whereas those originating in the liver and other organs, having no direct anatomical connection with the urinary tract, circulate in the blood (histaemia) before passing the glomerular filter into the urine (Antoine et al., 1969; Durst et al., 1971) . It is obvious that the latter route of elimination also holds true for the urinary excretion of AFP. In hepatoinabearing rats, AFP is produced in the neoplastic cells, released into the circulation and excreted into the urine. In the gestating animal, it is produced in the foetal endodermal tissues (Gitlin, Kitzes and Boesman, 1967) , released into the foetal circulation, passes into the maternal circulation through the placenta and/or allantois and is thenceforth excreted into the urine. The passage of AFP through the glomerular filter is not surprising in view of its molecular weight, being 30,000 according to and 70,000 according to Sell and his associates (1972) .
The question has been raised in the past whether proteinuria in patients with malignancies is, at least partly, due to excretion of tumoural tissue components (Rudman et al., 1969) and/or constituents of the damaged tissues surrounding the neoplasm (Vaux Saint-Cyr, Cleve and Hermann, 1963) . Though not elaborated upon herein, we were unable to demonstrate specific antigens of the normal hepatic parenchyma in the urine of rats with hepatoma (Group III) by the immunodiffusion technique (Durst et al., 1971) . Demonstration of organ specific antigens in the urine has been advocated for the detection and evaluation of organ damage (Boss et al., 1973) . It is suggested that a similar approach could be of value in the diagnosis of cancer employing antisera directed against tumour antigens. The diagnostic significance would obviously be improved by applying more sensitive techniques, such as the radioimmunoassay recently developed for the demonstration of AFP in human serum (Ruoslahti and Seppala, 1971 ). However, a highly sensitive test may be fraught with the disadvantage of disclosing AFP in amounts which apparently are without significance for diagnostic purposes. On the other hand, because of the tubular reabsorptive capacity, it is feasible that the detection of AFP in the urine would indicate production of excessive amounts.,
